ABSTRACT. The aim of this study was to verify the association between the epidermal growth factor (EGF) +61 G/A polymorphism and the susceptibility to endometriosis using a case-control design study. The control group included fertile women without endometriosis and the case group included endometriosis patients. Polymerase chain reaction-restriction fragment length polymorphism analysis was used to genotype the EGF +61 G/A polymorphism. Initially, a total of 184 individuals were analyzed. After matching by ethnicity, the control group was composed of 57 individuals, while the endometriosis group was composed of 57 patients. No statistically significant associations were observed between EGF +61 variants and the risk of endometriosis development (P > 0.05). This is the first study correlating the EFG 
INTRODUCTION
Endometriosis is an estrogen-dependent gynecological disorder associated with pelvic pain and infertility. It is characterized by the presence of uterine endometrial tissue (glands and stroma) outside the uterine cavity (Giudice and Kao, 2004) , most commonly the ovaries and peritoneum (Prowse et al., 2006) . Endometriosis affects up to 10% of women in their reproductive years (Giudice and Kao, 2004; Kennedy et al., 2005; Prowse et al., 2006; Romualdi et al., 2011) .
The pathophysiology of endometriosis is unclear. Numerous hypotheses have been proposed to explain the presence of ectopic endometrial tissue (Bianco et al., 2012; Bellelis et al., 2011) , but 2 main hypotheses have been cited: the metaplasia theory proposed by Meyer in 1919 and the retrograde menstruation theory proposed by Sampson in 1921 . The latter theory is the most widely accepted. Endocrine, immune, and environmental factors have been also suggested to be involved in the pathogenesis (Falconer et al., 2007) . In addition, a genetic factor, defined as a kinship factor, with maternal and paternal inheritance, appears to be involved in the susceptibility to disease (Stefansson et al., 2002) . More than 20 candidate genes, including transforming growth factor, interleukin, estrogen receptor, progesterone receptor, 17-β hydroxysteroid dehydrogenase, and growth factor genes, have been associated with endometriosis risk (Falconer et al., 2007) .
The endometrium is a tissue that renews itself every 28 days. Several growth factors present in this tissue participate in this process, including epidermal growth factor (EGF) (Möller et al., 2001) . EGF is a single polypeptide chain of 53 amino acid residues and plays a role in many processes such as DNA synthesis, mitogenesis, and proliferation of many cell types Cohen, 1979, 1990) , including endometrial cells (Haining et al., 1991; Giudice, 1994) . The addition of EGF protein to a primary cell culture of endometriotic cells significantly increased DNA synthesis (Taketani and Mizuno, 1992) .
A functional polymorphism (rs4444903) at position 61 in the 5ꞌ-untranslated region of the EGF gene is characterized by a substitution of guanine (G) for adenine (A). In cells from individuals with the AA genotype, EGF production levels are lower than in cells from individuals with the GG or AG genotypes (Shahbazi et al., 2002) .
In this study, we investigated the association between the EGF +61G/A polymorphism and susceptibility to endometriosis in women from Rio de Janeiro, Brazil.
MATERIAL AND METHODS

Subjects
The study was approved by the local Ethical Committee (CEP CMM/HUAP No. 122/09) and written informed consent was obtained from all participants. All study subjects were recruited from 2009-2011.
Initially, a total of 68 Brazilian women with histopathological diagnosis of endometriosis were recruited from the Hospital Universitário Antonio Pedro -Niterói, RJ. The inclusion criteria for the endometriosis group were: patients aged 18-45 years who were diagnosed with endometriosis and pelvic peritoneal through postsurgical histopathological evaluation. Exclusion criteria included: patients with decompensate systemic diseases and patients that could not undergo surgery and/or histopathology. The control group included 116 healthy and fertile women in puerperium recruited from the Doctor Alzira Reis Maternity Hospital -Niterói, RJ.
Control group inclusion criteria were: pregnant, aged 18-45 years and without previous pelvic pain or dysmenorrhea. The exclusion criteria were pregnancy with fetal malformations and a history of miscarriage. The subjects were classified as Caucasian and Afro-descendants women as well as those of mixed race based on self-reported information. After the first statistical analysis, both groups were matched with regard to ethnicity to avoid a possible bias in the association analysis between the EGF polymorphism and disease. After matching, each group was composed of 57 women.
EGF +61A/G genotyping
Genomic DNA was extracted from saliva samples based on methods described by Küchler et al. (2012) , and only samples showing an A260/A280 ratio >1.7 were further examined.
The EGF +61 A/G polymorphism was analyzed using a polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) assay as described by Shabazi et al. (2002) . Two primers were used (forward: TGTCACTAAAGGAAAGGAGGT; and reverse: TTCACAGAGTTTAACAGCCC) to amplify a 242-bp fragment. For the PCR, approximately 200 ng genomic DNA was mixed with 0.6 μM of each specific primer (Invitrogen; Carlsbad, CA, USA) in a total volume of 30 μL containing 0.2 mM MgCl 2 , 2 mM of each dNTP (Fermentas; Vilnius, Lithuania), and 1 U Dream Taq DNA polymerase (Fermentas). Amplification was performed using the following parameters: initial denaturing cycle of 95°C for 5 min, 44 cycles consisting of 3 steps: 95°C for 30 s, 61°C for 30 s, and 72°C for 1 min. A final extension step at 72°C for 10 min was performed. PCR products were digested overnight at 37°C with 2 U of AluI (New England Biolabs; Ipswich, MA, USA) restriction enzyme. The restriction fragments were than analyzed by electrophoresis on a 2.5% agarose gel stained with GelRed (Biotium Inc.; Hayward, CA, USA) and photographed under ultraviolet illumination. The restriction enzyme AluI cut the 242-bp PCR products containing the G allele into 15-, 34-, and 193-bp fragments; the PCR products containing the A allele produced 15-, 34-, 91-, and 102-bp fragments.
Statistical analysis
The allelic and genotype frequency distributions for the EGF polymorphism in patients with endometriosis and controls were compared applying the χ² or Fisher exact test, and mean ages were compared between cases and controls using the Student t-test. The GraphPad InStat software (version 3.05 GraphPad Software Inc., 2000) was used for all statistical analyses. Odds ratios (ORs) and 95% confidence intervals (95%CIs) were calculated to assess the relationship between the polymorphism and endometriosis susceptibility. A value of P < 0.05 was considered to be statistically significant. Moreover, Hardy-Weinberg equilibrium was tested using the χ² test, comparing the observed vs the expected genotype frequencies.
RESULTS
The 2 groups were significantly different regarding mean age (P < 0.0001); in the endometriosis cases, mean age was 34.75 ± 6.19 years, while that in the control group was 24.19 ± 4.75 years.
The distribution according to ethnicity based on skin color in each group was 64.9% (37/57) Caucasian, 28.1% (16/57) mixed race, and 7% (4/57) Afro-descendant women ( The genotype frequencies were 17.5% AA, 57.9% AG, and 24.6% GG among endometriosis cases and 22.8% AA, 57.9% AG, and 19.3% GG among controls ( Table 2) .
The A allele frequencies were similar between cases and controls (46.5% in endometriosis cases and 51.8% in controls) ( There were no differences in the allelic and genotype frequencies of the EGF +61G/A polymorphism between endometriosis cases and controls.
Genotype distributions were consistent with those predicted based on Hardy-Weinberg equilibrium (P > 0.05).
When cases were divided into subgroups, we observed that 8 (14%) women had stage I or II endometriosis, while 44 women (77.2%) had stage III or IV (Table 1 ). The genotype frequencies were 75% AG and 25% GG in in the stage I and II subgroup and were 22.7% AA, 52.3% AG, and 25% GG in the stage III and IV group. The allelic distribution was not significantly different between the case and control groups (P = 0.4302); the frequency of the A allele was 37.5% in the stage I and II subgroup and was 48.9% in the stage III and IV subgroup (Table 3) . 
DISCUSSION
Endometriosis is an estrogen-dependent gynecological disorder characterized by the presence of endometrium tissue in extrauterine sites (Barbosa et al., 2012; Rahmioglu et al., 2012) . The prevalence in the general population is not completely known but it has been estimated that approximately 176 million women worldwide are affected by the disease (Nnoaham et al., 2011) and more than 97% of these women are Caucasian (Bellelis et al., 2010) .
EGF and its receptor (EGFR) are involved in many cellular functions, including cell proliferation, differentiation, motility, survival, and tissue development (Wang et al., 2008) . These factors are present in the human endometrium, and some studies have shown that EGF and EGFR are often expressed in women with normal endometria (Möller et al., 2001) . In vitro studies demonstrated that some growth factors, including EGF, can stimulate the proliferation of endometrial cells; moreover, it is thought that these factors may increase the implantation of endometrial cells. Thus, secretion of these factors is likely very important in the development and maintenance of ectopic tissue (Matalliotakis et al., 2003) .
Genetic variations in the EGF gene may contribute to differences in its expression and consequently affect disease susceptibility (Wang et al., 2008) . The EGF +61A/G polymorphism appears to have functional significance by increasing the production of EGF in a culture of peripheral blood mononuclear cells. Moreover, it has been associated with several types of cancer, such as pancreatic cancer (Wu et al., 2010) , melanoma (Shahbazi et al., 2002) , gliomas, and ovarian cancer, where it was shown that the presence of the G allele may be a protective factor for the development of this type of cancer (Araujo et al., 2009) . Studies have shown that ovarian cancer may be related to endometriosis (Brinton et al., 1997 (Brinton et al., , 2004 Meng et al., 2011) ; thus, the +61 A/G EGF polymorphism may be involved in the mechanism of endometriosis development.
In this study, we hypothesized that the polymorphism +61 A/G of the EGF gene may be involved in the pathogenesis of endometriosis in the Brazilian population from Rio de Janeiro.
Comparison of groups before matching by ethnicity showed a statistically significant difference (P < 0.0001), suggesting that different ethnicities (Caucasian/Afro-descendants/ mixed race) may influence the results; thus, to avoid possible bias in the comparison of groups, women were matched according to ethnicity based on skin color. Rio de Janeiro is located in the southeastern region of Brazil and is the most densely populated and industrialized region of the country. The population is comprised of an ethnic admixture of Caucasians (European descent, 53.6%) and people of African descent (mixed European, 33.6% or potentially mixed African, 12.3%). The remaining 0.5% of the population is of Amerindian or Asian descent (IBGE -Instituto Brasileiro de Geografia e Estatística, 2007; Pena et al., 2011) .
Our results revealed no correlation between the EGF +61 A/G polymorphism and endometriosis, which agrees with the results of a previous study (Inagaki et al., 2007) , which was the only previous association study analyzing endometriosis and the EGF +61 A/G polymorphism. The previous study also found no statistical significance when comparing allele and genotype frequencies of the EGF +61 A/G in endometriosis cases and controls in a Japanese population.
The Brazilian population is genetically heterogeneous. This mixture has clinical significance and implications for the design and interpretation of clinical trials, practice of clinical genetics, and genomic medicine (Pena et al., 2011) . Thus, the extrapolation of data from other homogeneous populations may not apply to our population. The Japanese population is relatively genetically homogenous, which likely explains why the results obtained by Inagaki et al. (2007) were not observed in our predominantly heterogeneous population of Brazilians.
In the Japanese population, the genotype GG was the most prevalent, whereas in our study, the most frequently observed genotype was AG, demonstrating that our population was heterogeneous. In subgroup analysis, we found no significant difference between genotypes and allelic frequencies of women with stage I and II and women with stages III and IV endometriosis. For women in stages I and II in our study, the AA genotype was not observed; stages III and IV were the most common in our population. These results corroborate those of the Japanese study, which also found that stages III and IV were more common.
In summary, we did not observe an interaction between the EGF +61 A/G polymorphism and the susceptibility to endometriosis in our Brazilian population. The small sample size limits the strength of this study, so further studies using larger sample sizes are needed to confirm the role of the EFG +61 A/G polymorphism in the genetic susceptibility to endometriosis.
